Despite evidence that exercise has been found to be effective in the treatment of depression, it is unclear whether these data can be extrapolated to bipolar disorder. Available evidence for bipolar disorder is scant, with no existing randomized controlled trials having tested the impact of exercise on depressive, manic or hypomanic symptomatology. Although exercise is often recommended in bipolar disorder, this is based on extrapolation from the unipolar literature, theory and clinical expertise and not empirical evidence. In addition, there are currently no available empirical data on program variables, with practical implications on frequency, intensity and type of exercise derived from unipolar depression studies. The aim of the current paper is to explore the relationship between exercise and bipolar disorder and potential mechanistic pathways. Given the high rate of medical co-morbidities experienced by people with bipolar disorder, it is possible that exercise is a potentially useful and important intervention with regard to general health benefits; however, further research is required to elucidate the impact of exercise on mood symptomology.
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Keywords: bipolar disorder, exercise, mechanistic pathways, depression, hypomania, neurogenesis BACKGROUND Bipolar disorder is a chronic condition characterized by elevated (manic) and depressive episodes often associated with difficulty functioning and poor quality of life. A diagnosis of bipolar disorder is also associated with an increased risk of cardiovascular disease leading to premature mortality (Roshanaei-Moghaddam and Katon, 2009; Dome et al., 2012; Crump et al., 2013) . Further, obesity and a sedentary lifestyle are risk factors for diabetes, metabolic syndrome and cardiovascular disease, all of which disproportionally affect people with bipolar disorder (Elmslie et al., 2001; Morriss and Mohammed, 2005; Alsuwaidan et al., 2009; Cairney et al., 2009; Kilbourne et al., 2009) . Thus, individuals with bipolar disorder face the dual struggle of needing to focus their attention and treatment on not only their mental health but also their physical health.
Exercise may be an excellent candidate to meet this need. Exercise unequivocally improves physical heath (e.g., obesity, cardiorespiratory fitness, blood pressure, cholesterol; Cornelissen and Fagard, 2005; Church et al., 2007 ; Department of Health, 2011) , but recent data also suggest that exercise is an effective treatment of depression and anxiety (Daley, 2008; Wipfli et al., 2008; Rethorst et al., 2009; Moylan et al., 2013; Rethorst and Trivedi, 2013) . These data have prompted some to view exercise as a first line of treatment for mild to moderate depression (Carek et al., 2011) . Given the promising data for depression and anxiety, exercise may also prove to be beneficial for the management of bipolar disorder. Specifically, evidence suggests that exercise is neuroprotective at least in part by increasing brain derived neurotrophic factor (BDNF; Sylvia et al., 2010) . Other mechanisms will be explored, including the genetic expression and endorphin hypothesis.
The aim of this review is to understand the amount of exercise and physical activity currently engaged in by individuals with bipolar disorder. For the purpose of this review, exercise is defined as a conscious, planned decision to move and be physically active, whereas physical activity refers to any movement, including leisure activity, occupational activity, or other activities of daily living (Caspersen et al., 1985; Thompson et al., 2003) . A second aim is to evaluate the research on the role of exercise in improving physical (obesity, blood pressure) and mental (symptoms, quality of life) health outcomes in bipolar disorder. Finally, we will discuss the potential mechanisms of how exercise is suspected of improving mood and functioning in bipolar disorder.
METHODS
We conducted our search using Google Scholar, Proquest, CINAHL Complete, PubMed, and PSYCINFO, including unpublished papers in the form of dissertation abstracts using the search terms bipolar disorder and exercise and bipolar disorder and physical activity. Based on this initial search, we found 628 articles. We conducted two independent reviews of the literature by two separate authors (DT and MEG). The review period was September through November, 2014. We found over 600 articles when searching for "bipolar disorder" and "exercise" or "bipolar disorder" and "physical activity." We then limited this search by only using studies that focused on adult participants with a diagnosis of bipolar disorder; studies that included participants below the age of 18 were excluded, as were studies that were not in the English language. Studies were also excluded if they did not explicitly focus on the effects of exercise on patients with mental illness or if they did not relate directly to the review topic (i.e., a study that monitored activity levels on patients via their smartphones saw lower levels of activity, but was merely correlational; Faurholt-Jepsen et al., 2014) . Thus, 13 studies are included in this review (see Figure 1 , Table 1 ).
RESULTS

PHYSICAL ACTIVITY LEVELS AND BIPOLAR DISORDER
We found 13 empirical studies that have examined the physical activity levels of individuals with bipolar disorder. In a sample of 60 outpatient adults with bipolar disorder, Janney et al. (2014) found that 78% of the 17 h day that participants wore their actigraphs was classified as sedentary (13.5 h per day) and that no participants achieved 150 min per week of moderate/vigorous exercise as recommended by UK national guidelines (National Institute for Health and Clinical Excellence, 2006) . These findings are consistent with several other reports of high rates of physical inactivity in people with bipolar disorder (Elmslie et al., 2001; Kilbourne et al., 2007; Shah et al., 2007) . These data are limited as the Elmslie et al. (2001) study only included patients that were currently euthymic and Kilbourne et al. (2007) despite having a large sample (N = 2032), utilized only a veteran population and included individuals with schizophrenia and did not have data on bipolar subtype or mood state.
Overall, physical activity levels in bipolar disorder appear to be lower than that of the general population (Elmslie et al., 2001; Janney et al., 2014) , but the data are not conclusive. For example, a national survey in Canada found no significant differences in physical activity between people with and without bipolar disorder (Cairney et al., 2009 ). However, this study was limited by the use of self-report measures and the assessment of leisuretime physical activity only. Moreover, methodological variations, particularly with regard to the method of assessment of physical activity, make it difficult to compare across studies. In sum, given the many factors that negatively impact physical activity in bipolar disorder, such as higher rates of smoking, obesity, and medication side effects, it is not surprising that the data suggest that they are more likely to have sedentary lifestyles (Williams et al., 2009; Dodd et al., 2010; Vancampfort et al., 2013) .
ADJUNCT PHYSICAL ACTIVITY AND BIPOLAR DISORDER
Reported studies are summarized in Table 1 . Very few studies have examined the potential therapeutic effects of physical activity on bipolar disorder. Ng, Dodd, and Berk invited inpatients to participate in a walking group and found that it was associated with improvements in the domains of depression, anxiety and stress (Ng et al., 2007) . Despite several limitations of this study, including small sample size, lack of control for confounding variables, open nature, and no specific measure for mania, the study provides useful preliminary data in establishing exercise as a viable treatment option for patients with bipolar disorder.
In a study conducted by Hays et al. (2008) , 26 patients diagnosed with either Bipolar I or Bipolar II Disorder walked or ran on a treadmill for 20 min at 70% of their age-predicted maximal heart rate. Findings revealed significant increases in selfreported well-being and the hormone dehydroepiandrosterone sulfate, a precursor of the adrenal steroid dehydroepiandrosterone (Wright et al., 2009) . Although levels of dehydroepiandrosterone and overall well-being improved over the study duration, there was no significant correlation between the two variables (Hays et al., 2008) . Daumit et al. (2013) recruited participants (N = 291) who suffered from serious mental illness-including bipolar disorder (n = 64, 22%), as well as schizophrenia, schizoaffective disorder, and major depression-to participate in an 18-month behavioral weight-loss intervention. The treatment consisted of group exercise sessions as well as individualized weight-management sessions. The intervention group lost more weight than the control group, such that 37.8% of participants in the intervention group lost at least 5% of their initial weight, compared with 22.7% in the control group. These findings show that overweight and obese individuals with serious mental illness are capable of implementing lifestyle changes taught by an intervention, despite the daily difficulties posed by their illness.
In another community-integrated program, Van Citters et al. (2010) developed a manual for an intervention program known as "In SHAPE," a lifestyle intervention manual for patients with serious mental illness. The pilot study included participants with schizophrenia, bipolar disorder, or major depressive disorder. Participants were assigned an individual health mentor and over 9 months work together to set goals regarding healthier dietary decisions as well as other modules of wellness. Importantly, mental health functioning significantly improved among participants, as did negative symptoms. Participation in the program was associated with increased exercise, vigorous activity, and leisurely walking. Participants also demonstrated a significant reduction in waist circumference. Sylvia et al. (2011) developed an integrated psychosocial treatment, or the Nutrition, Exercise, and Wellness Treatment (NEW Tx), specifically to help individuals with bipolar disorder engage in healthier lifestyle habits. NEW Tx consists of three modules to target changes related to eating more nutritiously and with better portion control, increase weekly exercise as well as improve other areas of wellness (i.e., sleep, smoking/substance use). In the NEW Tx pilot study, five participants completed the 20-week individual cognitive behavioral therapy-based treatment. Participants entering the study tended to be mildly to moderately depressed [baseline MADRS = 17.2 (5.2); baseline YMRS = 4.4 (2.0); Sylvia et al., 2013b] . Participants attended most of the NEW Tx sessions and reported high satisfaction with the treatment. Participants increased intake of vegetables and decreased their daily intake of sweets. Participants' weight, cholesterol (total, high-density lipoprotein cholesterol and low-density lipoprotein) triglycerides, and plasma glucose declined from baseline to 20 weeks follow-up. Moreover, participants experienced improvement of depressive symptoms and overall functioning as well as tripling their amount of exercise. This is one of the first studies to demonstrate the feasibility and tolerability of an intensive lifestyle intervention for bipolar disorder with promising data for its efficacy.
These lifestyle interventions hold promise in that they demonstrate that participants with serious mental illnesses can succeed in wellness programs that have been proven successful in the general population. In order to further examine the efficacy of www.frontiersin.org
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PHYSICAL ACTIVITY AND MANIA
Despite the lack of literature on exercise and physical activity in bipolar disorder, there is preliminary evidence that exercise may be a double-edged sword for patients with bipolar disorder due to it potentially polar-specific effect (Wright et al., 2012; Sylvia et al., 2013a) . Wright et al. (2012) conducted a semi-structured study with 25 participants diagnosed with bipolar disorder, in which participants were interviewed on their experiences with exercise and their illness. Several themes emerged, including that of the "double-edged sword" theory, or that exercise brought structure and support for some patients while not helping others. Specifically, they found that exercise could be beneficial in helping to direct excess energy, but potentially detrimental in exacerbating manic symptoms and potentially putting patients at risk for a spiraling of manic and hypomanic symptoms. The aggravation of manic symptoms could be mediated by direct effects on mood or indirectly on excessive goal striving, which has been hypothesized to be a psychological risk pathway in the disorder (Nusslock et al., 2007; Alloy et al., 2012) . Interestingly, patients described that forms of exercise with an inherent rhythm may provide a somewhat calming effect and facilitate mood regulation due to the cadenced nature of activities such as walking, running, or swimming (Wright et al., 2012) . Importantly, in another study conducted by Suto et al. (2010) , exercise and rest were identified as being; among the most helpful factors in managing bipolar disorder, with a specific theme on finding the right type of exercise, which could be individually dependent. Although qualitative in nature, these studies highlight that components of an exercise program, including type, intensity, frequency, and duration may be particularly important to investigate when examining the relationship between exercise and bipolar disorder. Although it has been proposed that exercise may have a double-edged effect on people with bipolar disorder, empirical evidence is needed to support this claim. In their qualitative study, Wright et al. (2012) also suggested that while some participants experienced increased activation levels following exercise, other participants found exercise to have a calming effect on hypomania while Suto et al. (2010) recognized exercise as a popular wellness strategy for patients with bipolar disorder, with a particular theme on finding the right type of exercise (Suto et al., 2010) . This is a topical debate with important implications, and future studies are suggested to examine the effects of exercise during mania and hypomania including potential addiction to exercise in this population.
Similarly, Sylvia et al. (2013a) conducted a multi-site comparative study of a second generation antipsychotic (quetiapine) versus a classic mood stabilizer (lithium) in a cohort of 482 people with bipolar disorder. Importantly, individuals in a manic, hypomanic or mixed state at study entry tended to exercise at a greater frequency than currently depressed individuals. These data further support that there may be a complex relationship between bipolar disorder and exercise, although it was unclear if their mood was driving the exercise behavior, or if there was a bidirectional relationship. The authors suggested a specific relationship between exercise frequency and mood polarity, such that depression is associated with less exercise and mania with more exercise in people with bipolar disorder. While the association of increased energy and activity with mania, and its converse with depression, may simply be an illustration of the core symptomatology of the disorder, another explanation for this polar-specific relationship could be the behavioral activation system (BAS; Meyer et al., 2007; Proudfoot et al., 2012; Wright et al., 2012) . The BAS, a neurobehavioural system thought to regulate behavior in response to incentives and reward, is thought to be hyperresponsive in individuals with bipolar disorder. While depressive symptoms may emerge following a failure to achieve, or loss of goals/reward (BAS deactivation), hypomania or mania may be triggered in vulnerable individuals following a BAS activation event (an opportunity to gain a desired reward/goal; Urosevic et al., 2008) . Individuals who are prone to hypomania or mania; therefore, may be more likely to pursue potentially pleasurable activities with greater vigor and enthusiasm due to the increased responsivity of this reward system (Meyer et al., 2007) . Exercise could be considered a goal striving activity, explaining why some people demonstrate an addiction-like tendency to over exercise during a manic episode (Meyer et al., 2007; Wright et al., 2012) .
In sum, the relationship of physical activity and mania is still unclear. For example, regular physical activity is associated with better sleep quality in individuals with bipolar disorder (Nusslock et al., 2007; Wright et al., 2012) , and meta-analytical reviews have noted that exercise results in increased total sleep, increased slow wave sleep and decreased REM sleep (Kubitz et al., 1996; Youngstedt et al., 1997) . Given that sleep problems are a prodromal symptom of mania, physical activity may still have some benefit just before and during a manic phase (Ng et al., 2007; Suto et al., 2010; Proudfoot et al., 2011 Proudfoot et al., , 2012 .
POTENTIAL MECHANISMS OF PHYSICAL ACTIVITY AND BIPOLAR DISORDER
The association of physical activity and bipolar disorder might be better understood if the mechanistic pathways could be clarified ( Table 2 ). This next section will examine the current theories on how exercise may impact bipolar disorder.
Neurogenesis
One likely mechanism for the benefits observed in bipolar disorder is the causal relationship of increased physical activity and neurogenesis. Exercise is likely a pleiotropic intervention that engages a wide spectrum of neurobiological systems implicated in neurogenesis and neuroplasticity, neurotransmission function, metabolism, immune-inflammatory function and cellular respiration. Data suggest that structured exercise exerts a salutary effect on these interacting networks and therefore, are capable of improving psychiatric and somatic health in bipolar disorder (Alsuwaidan et al., 2009) . Several studies have highlighted the beneficial effects of exercise on brain health, with a particular focus on the relationship between voluntary exercise and increased growth factors resulting in neurogenesis, metabolism, vascular function and neurodegeneration and alleviation of depressed mood (Ernst et al., 2006; Zheng et al., 2006; Cotman et al., 2007; Marais et al., 2009; Kucyi et al., 2010; Berk et al., 2011) .
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March 2015 | Volume 6 | Article 147 | 6 Exercise is thought to ensure improved brain function by increasing synaptic plasticity, regulation of growth factors and reduction of peripheral and central risk factors (Cotman et al., 2007) . One of the best candidates for explaining the relationship of exercise with neurogenesis-to ultimately improve outcomes in bipolar disorder-is BDNF (Sylvia et al., 2010) . Up-regulation of hippocampal BDNF is a well-documented result of chronic antidepressant administration as well as one of the most robust, sustained and consistently demonstrated changes as a result of exercise (Duman et al., 2008) . BDNF is a member of the neurotrophin family and promotes neuronal survival and regeneration and is implicated as a biomarker of disease activity in psychiatric disorders (Frey et al., 2013; Fernandes et al., 2014) . This past year, researchers further clarified the exercise-BDNF pathway. Specifically, they found that FNDC5, a recently discovered muscle protein, is elevated by endurance exercise in the hippocampus of mice and that peroxisome proliferator-activated receptors (PGC-1α) and FNDC5 regulate BDNF expression in the brain (Wrann et al., 2013) . This model supposes that exercise leads to increased transcription of PGC-1α and up-regulation of Erra α (a nuclear receptor estrogen-related receptor) which is necessary to induce FNDC5 gene expression and ultimately, increase BDNF. Of note, the upregulation of BDNF through exercise shares a similar pathway to that of antidepressants which could theoretically lead to exercise triggering potential manic episodes. Supporting this theory, studies of animals have found that exercise may also impact BDNF by increasing serotonin in the frontal cortex and ventral hippocampus, or mimic the SSRI pathway (Eyers and Parker, 1997; Marais et al., 2009 ).
Endorphins
It is also possible that the beneficial effects of exercise on mood may be due to its association with endorphins (Steinberg and Sykes, 1985) . This theory proposes that exercise is associated with release of endogenous opiates including α endorphins that improve mood and feelings of well-being. Similarly, the monoamine hypothesis suggests that exercise results in an increase release of the monoamine molecules dopamine, serotonin and norepinephrine that are typically reduced in depression (Pierce et al., 1976) . Ernst et al. (2006) also found that an increase in α endorphins, BDNF, vascular endothelial growth factor (VEGF), and serotonin release may account for the relationship exercise and positive outcomes on mood and functioning.
Epigenetics
Among hypothesized pathways of exercise and bipolar disorder is epigenetics as exercise may elevate BDNF via these mechanisms (Gomez-Pinilla et al., 2011) . Epigenetic mechanisms facilitate differential gene expression, which are subject to environmental influence and have been implicated in the pathophysiology of bipolar disorder (Rao et al., 2012; Banigan et al., 2013; Gamazon et al., 2013; Niculescu, 2013) . These mechanisms may mediate some of the physiological impacts of exercise on body tissues (McGee and Hargreaves, 2011; Barres et al., 2012) . Epigenetic gene expression alterations induced by "eustress" or "good stress" of physical exercise appear to have beneficial effects (SanchisGomar et al., 2012) . For example, BDNF methylation has been implicated in several psychiatric disorders, including bipolar disorder (Ikegame et al., 2013) . Taken together, it seems plausible that some of the beneficial associations between exercise and outcome of bipolar disorders are mediated by epigenetic mechanisms.
Other pathways
Exercise increases mitochondrial energy generation (Boushel et al., 2014) , and it is known that in depression, particularly in bipolar depression that there is decreased mitochondrial bioenergetics capacity (de Sousa et al., 2014) . Similarly, in bipolar disorder there is increased inflammation and oxidative stress (Berk et al., 2011 Moylan et al., 2014) , and exercise reduces both markers of systemic inflammation and oxidative stress (Jatoi, 2013) . Exercise reduces cortisol, long known as elevated in depression (Rezaee et al., 2014) . Lastly, other factors such as adipokines are implicated as depression biomarkers (Carvalho et al., 2014) , and the effects of exercise may be mediated by adipokines such as adiponectin (Yau et al., 2014) .
CONCLUSION
Despite the promise of exercise to meet the physical and mental health needs of individuals with bipolar disorder, there is a dearth of literature investigating the role of exercise for bipolar disorder. Furthermore, the current literature is riddled with limitations, such as small samples, heterogeneous treatment groups, no control groups, no distinction between types of exercise (structured exercise programs vs. lifestyle physical activity), clear definitions of the amount (duration, frequency and intensity) of exercise, as well as empirical data with regards to mood-state-dependent effects of exercise for individuals specifically with bipolar disorder. Finally, high attrition rates are often observed in research with this population, potentially leading to biased results. As a result, there is limited information to guide clinicians as to the appropriate intensity, frequency and duration of exercise for people with bipolar disorder and it is thus impossible to give bipolar-specific guidelines for exercise (Barbour et al., 2007; Wright et al., 2012) .
There are promising data that exercise may be a viable and effective strategy to deal with the depressive phase of bipolar disorder, but further research is needed to determine the recommended intensity, duration and frequency of exercise programs. It is also necessary for researchers in the future to differentiate between physical activity as leisure-based pursuits, occupational and incidental activity, and more structured, planned, and voluntary exercise. In short, due to the unique problems that patients with bipolar disorder face, such as pharmacotherapy needs, often extreme fluctuations in mood symptoms, and a high comorbidity rate, it is imperative that more research be conducted in this arena so that we can better tailor adjunct lifestyle programs for them.
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